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HIV CHEMOKINES 

This application claims the priority of provisional 
application serial no. 60/074,640 filed on 2/13/1998, 
and is also a continuation-in-part of copending 
application serial no. 08/698,652, filed on 8/16/1996- . 
5 This invention was made with government 

support under grant IR29AI38114-01 awarded by the 
National Institutes of Health. The government has 
certain rights in the invention. 

10 BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a novel gene of 
HIV, the virus causing AIDS, which encodes a protein 
having an amino acid sequence that is closely related to 

15 the chemokine family of proteins. More particularly, 

the invention relates to a novel HIV protein that may be 
a cofactor for binding to the chemokine receptor on 
human cells during the entry phase of infection. 

20 Description of the Background and Related Art 

1 . The Chemokine Receptors as Coreceptor for HIV 
Infection 

Efficient entry of HIV into target cells is 
dependent upon a high affinity binding of the viral 

25 envelope glycoprotein, gpl20, to the amino terminal 

domain of CD4, a protein expressed on the surface of the 
target cell. While CD4 is the primary virus receptor, 
CD4 alone is not sufficient for virus entry. Chemokine 
receptors have been identified as the coreceptors 

30 involved in the entry of HIV into target cells. 

Macrophage -tropic ( "M-tropic" ) HIV-1 use the (3- 
chemokine receptor CCR5, and less often receptor CCR3, 
as their coreceptor (Choe et al . , 1996, Cell 85:1135- 
1148; Dragic et al . , 1996, Nature 381:667-673; Deng et 

35 al., 1996, Nature 381:661-666). Mutations in CCR5 

appears to confer resistance to infection by M-tropic 
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HIV-l viruses in vivo and in vitro (Samson et al., 1996, 
Nature 382:722-725). T-tropic (lymphotropic strains 
which grow in cells including transformed T cell lines) 
HIV generally use the a-chemokine receptor CXCR4 (also 
5 known as fusin, SDF-1 chemokine receptor, LESTR; Feng et 
al., 1996, Science 272:872-877). CXCR4 also can 

function as the primary receptor for HIV- 2 entry and 
infection of human CD4-negative cells (Endres et al., 
1996, Cell 87:745-756). Dual-tropic primary HIV-l 

10 isolates, that can infect both macrophages and T cells, 
can use either CCR5 or CXCR4 (and possibly CCR3 or CCR- 
2b) as the coreceptor involved in virus entry (Doranz et 
al., 1996, Cell 85:1149-1158). There is evidence 
suggesting that the structure of the gpl2 0 V3 loop 

15 influences the ability of HIV to bind the chemokine 

receptors on the target cell (Choe et al., 1996, supra; 
Doranz et al . , 1996, supra). 

2 . HIV Secondary Structures 

20 Single stranded RNA form localized regions of 

secondary structures such as hairpin loops and 
pseudoknot structures (Schimm, 1989, Cell, 58-9-12) . A 
RNA population was isolated that bound to HIV reverse 
transcriptase and that has a pseudoknot consensus (Tuerk 

25 et al., 1992, Proc. Natl. Acad. Sci., USA. 59:6988- 

6992) . Pseudoknots are structures in which there is an 
intramolecular base pairing of the "loop" sequence of an 
RNA hairpin to sequences either 5 1 or 3 1 to that 
hairpin. Pseudoknots are generally formed in nucleic 
30 acid sequences of about 30 to 60 nucleotides. Such 

intramolecular base pairing is key to the translation of 
RNA since the presence of pseudoknots can lead to 
frameshifting either in the 5' or the 3' direction 
(generally designated as -1 or +1) or for allowing read- 
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through. Trans 1 at ional f rameshif ting allows the 
expression of alternative translational products in a 
predictable stoichiometry (ala retroviral or HIV gag-pol 
fusion peptide) ; to allow the expression of alternative 
5 enzymatic activities; or as a mechanisms for autogenous 
control (see Farabaugh, 1996, Microbiol Rev. 104) . 

3 . Chemokines 

Chemokines are a superfamily of soluble proteins 

10 that are involved in immune regulation and in 

inflammatory processes (such as leukocyte recruitment) . 
Generally, chemokines range in size from about 70 to 
about 100 amino acids, and in molecular size from about 
8 kilodaltons (kD) to about 11 kD. Chemokine like 

15 proteins have also been described that are membrane 
bound (Pan et a., 1997, Nature, 387:611). The 

chemokines share related primary structure, particularly 
with a conserved motif of four cysteine residues. Early 
classification of chemokines was based on whether the 

20 first two cysteines are adjacent to each other ("CC 

chemokines")/ or are separated by one amino acid ("CXC 
chemokines") . More recently, chemokines with a single 
"C" motif (for example lymphotactin) and "CXXXC" motif 
(for example, neutotactin) have been described. The a- 

25 chemokine receptor CXCR4 has been identified as a 
coreceptor required for HIV entry. The only known 
natural ligand for CXCR4 has been identified as the CXC 
chemokine SDF-1. SDF-1 has been shown to inhibit 
infection of CXCR4 and CD4 expressing cells by T-tropic 

30 HIV-1 strains (Oberlin et al., 1996, Mature 382:833- 

835) . Thus, modified versions of chemokines are being 
tested to determine whether they may be used to block 
chemokine receptors from binding by HIV. 

Kaposi's sarcoma is an AIDS-related malignancy. 
35 The Kaposi's sarcoma-associated herpesvirus (KHSV, human 
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herpesvirus 8) has been shown to encode a chemokine 
receptor ("GPCR") that is analogous in sequence and 
chemokine specificity to CXCR2 (Arvantikas et al., 1997, 
Nature 385:347-349). This is not the only instance in 
5 which a virus has apparently pirated a cellular gene 
encoding either a chemokine or a chemokine receptor. 
KSHV and Molluscum contagiosum have open reading frames 
that encode CC chemokines; and Herpesvirus Saimiri, 
human cytomegalovirus, KSHV, Equine herpesvirus- 2 , Swine 
10 pox virus, and capripox virus have open reading frames 
encoding chemokine receptors (Murphy, 1997, Nature 
385:296-299; Neote et al., 1993, Cell 72:415-425). 

4. HIV Proteins 

15 The HIV genome is known to contain 8 open reading 

frames on the minus strand of the double -stranded DNA 
intermediate. From the HIV double- stranded 
intermediate, and from the HIV promoter located in the 
5 ! LTR, mRNAs of plus strand polarity are transcribed 

20 from the minus strand DNA template (see Definitions 
section herein) . Depending on the processing of the 
transcript, the mRNA may then be translated into one or 
more viral proteins including Gag, Pol, Vif, Tat, Vpu, 
Vpr, Rev, Env, and Nef . Additionally, ribosomal 

25 frameshifting is employed to enable gag pol protein. 

Effective transcription from the 5 1 LTR HIV promoter is 
dependent on the presence of Tat for transcriptional 
activation that dramatically increases the levels of 
viral mRNAs. A possibility was raised that the plus 

30 strand of the viral DNA contains a long open reading 
frame (ORF) , located in the region of the genome 
complementary to the env gene sequence, that may encode 
a viral protein of 190 amino acids and a molecular mass 
of 20 kilodaltons (Miller, 1988, Science 239:1420-1422). 
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However, it is not apparent whether this possibility was 
confirmed, such as by the demonstration of the 
putative protein or its respective mRNA. In fact, it is 
noted in the publication that it is possible that the 
5 ORF does not represent a true gene sequence. The 

possibility that bidirectional transcription occurs in 
HIV was further evaluated by Michael et al. (1994, J. 
Virol. 979-87) . 

Accordingly, there has been and continues to be a 
10 long- felt need for the identification of novel HIV 

proteins which play a role in AIDS pathogenesis, and 
thus may be important targets of therapeutic 
intervention . 

15 SUMMARY OF THE INVENTION 

The present invention relates to the discovery of a 
novel gene comprising a open reading frame (ORF) in the 
plus strand of the viral DNA, and located in the HIV 
LTR. An antisense initiator element initiates 

20 production by RNA polymerase of RNA transcripts of 

negative strand polarity (antisense RNA) utilizing the 
plus strand DNA as a template. Thus, using this 
mechanism, the novel HIV gene is transcribed by the 
cellular transcriptional apparatus. The gene encodes a 

25 protein that is related to, and has a structural motif 
resembling that of a chemokine . More particularly, the 
protein has similarity to the chemokine family of 
proteins. These objects and further features and 
advantages of the invention will be better understood 

30 from the description of the preferred embodiments when 
considered in relation to the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure la is a schematic representation of the HIV 
35 genome illustrating the position of the HIV chemokine- 
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like gene in relation to other HIV genes and regulatory 
sequences (Meyers et al., 1995, A compilation and 

analysis of nucleic acid and amino acid sequences, Los 
Alamos National Laboratory, Los Alamos, New Mexico) .. 
5 Figure lb is a schematic representation of the LTR 

region of HIV illustrating the position of antisense RNA 
initiation. 

Figures 2a and 2b are schematic illustrations of 
the 5 ! LTR of HIV and the templates derived therefrom 
10 for in vitro transcriptions. 

Figure 3a and 3b are representations of the results 
of in vitro transcription reactions using a eukaryotic 

transcription system and the templates illustrated in 

Figures 2a and 2b. 
15 Figure 4 is a representation of the results of in 

vivo transcription reactions followed by analysis of RNA 

using reverse transcription and polymerase chain 

reaction in Jurkat T cells transfected with the HIV LTR 

CAt vector or control transf ections . 
20 Figures 5a and 5b are representations of the 

isolation of RNA transcripts originating off of the 

antisense initiator in stably transfected cells. 

Figure 6 is a schematic representation of the HIV-1 

LTR showing various regulatory elements and 
25 bidirectional transcription initiation sites, as well as 

primers utilized in RNA analysis by RT-PCR. 

Figure 7 is a schematic representation illustrating 

sequence analysis and alignment between amino acids of 

an HIV chemokine and other chemokines. 
30 Figure 8 is a schematic representation illustrating 

sequence alignment between amino acids of HIV chemokines 

from various cell lines and patient HIV isolates. 

Figure 9 is a shcematic representation illustrating 

the sequence and presence of pseudoknots. 
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Figure 10A-E are photomi orographic representations 
of the effect of transfection of a HeLa cell line with 
constructs containing the HIV LTR region. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

By the term "operably linked" is meant, for the 
purposes of the specification and claims to refer to the 
chemical fusion (enzymatic restriction with subsequent 

10 ligation) or synthesis of heterologous DNA with a 

nucleotide sequence that encodes an HIV chemokine such 
that the resultant recombinant DNA molecule is formed in 
a proper orientation and reading frame for the 
nucleotide sequence to be transcribed into functional 

15 RNA. In the construction of the recombinant DNA 
molecule, it is generally preferred to position a 
promoter at a distance upstream from the initial codon 
of the nucleotide sequence that is approximately the 
same as the distance in its natural setting (e.g., as in 

20 the HIV genome) . However, as known in the art, some 
variation in the distance can be accommodated without 
loss of promoter function. Likewise, it is generally 
preferred to position an enhancer element at a distance 
upstream from the promoter, or incorporated into the 

25 promoter sequences as a promoter element, or located 
between the promoter and the DNA molecule to be 
expressed. However, as known in the art, some variation 
in the placement can be accommodated without loss of the 
enhancer element's function. 

30 By the term "expression vector" is meant, for the 

purposes of the specification and claims to refer to a 
DNA molecule which is operably linked to a nucleotide 
sequence that encodes an HIV chemokine such that the 
production of the HIV chemokine is effected in a 

35 suitable host. The vector may include, but is not 
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limited to, a plasmid, phage, viral vectors, viral- like 
vectors, or a potential genomic insert. 

By the terms "variant of the nucleotide sequence" 
or "variant of the gene" or "variant sequence" are 
5 meant, for the purposes of the specification and claims 
to refer to a nucleotide sequence that shares 
substantial identity (an identity of greater than about 
70%, not taking third base degeneracy into account) with 
the gene encoding HIV chemokine. Such a sequence 

10 comparison can be performed using existing software 
known to those skilled in the art. Variants can be 
natural variants or variants produced by synthetic or 
mutagenic means for modifying the disclosed nucleotide 
sequences. With respect to such variations, and as 

15 appreciated by those skilled in the art, because of 

third base degeneracy, almost every amino acid can be 
represented by more than one triplet codon in a coding 
nucleotide sequence. Thus, a variant sequence can be 
modified slightly in sequence (e.g., substitution of a 

20 nucleotide in a triplet codon) , and yet still encode its 
respective gene product of the same amino acid sequence 
as encoded by the disclosed nucleotide sequences. 
Further, variant sequences may have minor base pair 
changes which may result in variation (conservative 

25 substitution) in the amino acid sequence encoded. Such 
conservative substitutions are not expected to 
substantially alter the biologic activity of the gene 
product. A conservative substitution or modification of 
one or more amino acids are such that the tertiary 

30 configuration of the protein is substantially unchanged. 
"Conservative substitutions" is defined by 
aforementioned function, and includes substitutions of 
amino acids having substantially the same charge, size, 
hydrophilicity, and/or aromaticity as the amino acid 

35 replaced. Such substitutions, known to those of 

ordinary skill in the art, include glycine-alanine- 
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valine ; isoleucine- leucine ; tryptophan- tyrosine ; 
aspartic acid-glutamic acid; arginine- lysine ; 
asparagine- glut amine; and serine- threonine . A variant 
sequence may contain a modification, being defined 
5 functionally as resulting in a deletion or addition or 
substitution of one or more amino acids which does not 
impart a substantial change in the HIV chemokine that it 
encodes; i.e., if the encoded HIV chemokine 
substantially retains the activity of being a cofactor 

10 in binding to a chemokine receptor. Such an encoded HIV 
chemokine may be referred to as a modified variant of 
HIV chemokine. Methods for synthetically producing such 
variant sequences are known to those skilled in the art 
(see, e.g. U.S. Patent Nos. 5,403,737 and 5,275,945). 

15 By the terms "consisting essentially of" or 

"consisting" a nucleotide sequence are meant, for the 
purposes of the specification and claims to refer to the 
base pair changes (substitution) in the nucleotide 
sequence such as a change in the third base of a triplet 

20 codon (third base degeneracy) or a change resulting in 

the encoding of a conservative substitution in the amino 
acid sequence encoded. 

Proteins and peptides are chemical compositions 
made up of a sequence of amino acid units. By the term 

25 "consisting essentially" or "comprising" is meant as a 
term, with an accepted meaning in the chemical patent 
practice and for the purposes of the specification and 
claims, to refer to the inclusion of unspecified amino 
acids (deletion/addition/substitution) which do not 

30 materially affect the basic and novel characteristics of 
the composition; i.e. conservative substitution or 
modification of one or more amino acids in that sequence 
such that the protein or peptide substantially retains 
the biological activity of being a cofactor in binding 

35 to a chemokine receptor ("substantially retains" is 

defined as 50% or more of such biological activity as 
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exhibited by HIV chemokine from an HIV clinical 
isolate) . 

By the term "similarity" are meant, for the 
purposes of the specification and claims to refer to 
5 amino acids that are not identical, but similar (amino 
acids having substantially the same charge, size, 
hydrophilicity, and/or aromaticity) between two amino 
acid sequences as determined by sequence comparisons 
performed using algorithms known to those skilled in the 
10 art. 

By the term "identity" are meant, for the purposes 
of the specification and claims to refer to amino acid 
positions that are identical between two amino acid 
sequences as determined by sequence comparisons 
15 performed using algorithms known to those skilled in the 
art . 

By the term "individual" is meant, for the purposes 
of the specification and claims to refer to any mammal, 
especially humans. 

20 By the term "regulatory element" is meant, for the 

purposes of the specification and claims to refer to an 
promoter element motif which functions to facilitate 
binding or recruitment of RNA polymerase or 
transcription factors in the initiation, activity, and 

25 efficiency, of transcription. Eukaryotic regulatory 
elements include, but are not limited to an antisense 
initiator, an ATF site, TATA box, a TATA- like box (e.g., 
TTTAA, TTTAAA, TAT, TAATA) , a CAAT box, a CAAT-like box 
(e.g., CTAATC) , upstream stimulatory factor (USF) , 

30 upstream sequence element (USE), and binding sites for 
transcription factors (e.g., AP-2, SP1, CRE, PEA-3, NF- 
IL6, NF-KP etc.) . 

By the terms "HIV Chemokine -like Protein" or "HIV- 
chemokine" is meant, for the purposes of the 

35 specification and claims, to refer to a protein having 
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the following distinguishing and functional 
characteristics : 

(a) a protein encoded by an HIV antisense open reading 
frame which encodes domains having at least 10% homology 

5 to amino acid sequences of chemokines . 

(b) is expressed by strains of HIV in at least one phase 
of virus replication, and is encoded by an open reading 
frame in the plus strand of the viral dsDNA 
intermediate, and located in the LTR region. 

10 The term, "Chemokines" includes, but is not limited 

to, CC chemokines, CXC chemokines, single C motif 
chemokines (e.g. lymphotactin) , CXXXC chemokines (e.g. 
neurotactin) . The chemokine may be membrane bound or 
secreted. 

15 By the terms "isolated and purified" and 

"substantially free from other proteins" is meant, for 
the purposes of the specification and claims, to refer 
to an HIV chemokine protein preparation that appears to 
be at least approximately 80% pure, and may be up to 

20 approximately 99% pure, as, for example, determined by 
gel electrophoresis, or liquid chromatography. 

By the term "target cell" is meant, for the 
purposes of the specification and claims, to refer to a 
human cell which is infectable by HIV including, but not 

25 limited to, CD4+ cells bearing chemokine receptors, and 
CD4 -negative cells bearing chemokine receptors; and also 
refers to human or other mammalian cells bearing 
chemokine receptors which receptors can bind to soluble 
HIV chemokine. 

30 

The present invention is directed to a gene, 
represented by an open reading frame in the plus strand 
of the viral ds DNA intermediate of HIV, which encodes a 
protein designated "HIV chemokine". One reason that 
35 this gene and its gene products remained unknown until 
the present invention was the lack of discovery and 
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characterization of the antisense initiator element 
which allows initiation by RNA polymerases of RNA 
transcripts of negative strand polarity utilizing the 
plus strand of the HIV dsDNA LTR pro-viral intermediate 
5 as a template (U.S. Patent application serial no. 
08/698,652) . 

It is now established that chemokine receptors act 
as coreceptors, with CD4, necessary for HIV to enter a 
target cell. Additionally, certain chemokine receptors 

10 (e.g., CXCR4) may act as the primary viral receptor, in 
the absence of CD4, necessary for HIV to enter a CD4- 
negative target cell (Endres et al., 1996, Cell 87:745- 
756) . Thus, HIV cof actors that act on their own or in 
conjunction with gpl20 in the binding to the target 

15 cell's chemokine receptor represent components critical 
in HIV pathogenesis. Chemokines, including RANTES, MIP- 
la, and MlP-lfi, have been shown to bind to the CCR5 
chemokine receptor and inhibit infection by HIV. SDF-1 
has been shown to bind CXCR4 and inhibit infection by T- 

20 tropic HIV-1 strains. Other chemokines, that bind to 
one or more chemokine receptors that act as either 
coreceptors or primary viral receptors, are being sought 
as drug candidates in their natural state. 
Additionally, such chemokines are being modified to 

25 produce versions which may bind to the chemokine 

receptor, but not act as an agonist (Science 275:1261- 
1264, 1997; Simmons et al., 1997 Science 276:276-279) . 

The unexpected finding that HIV encodes its own 
chemokine -like protein, and that the chemokine -like 

30 protein may act as a cof actor with gpl20 in the binding 
to and entry of HIV to a target cell, is an important 
consideration for therapeutic intervention. Thus, the 
peptides derived from the HIV chemokine gene or variants 
or modified versions of the HIV chemokine may be used to 

35 block entry of target cells during various phases of HIV 
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infection and AIDS. Additionally, chemokine receptors 
may provide a method by which the HIV chemokine may be 
isolated and purified from HIV. Alternatively, one or 
more monoclonal or polyclonal antibodies having binding 
5 affinity and specificity for the HIV chemokine may be 
used as affinity molecules immobilized to an affinity 
matrix for isolation and purification of the HIV 
chemokine . 

Further, the unexpected finding that HIV encodes 
10 its own chemokine- like protein provides evidence that 
the HIV chemokine is involved in at least one of the 
mechanisms of AIDS pathogenesis. In that regard, there 
may be biological properties of the HIV chemokine in 
addition to that of acting as a cofactor with gpl20 or 
15 an independent ligand for binding to a target cell, in 
the binding of HIV to and entry of HIV into a target 
cell. For example, chemokines in general, and more 
specifically p-chemokines such as MlP-la and MIP-13, can 
be potent chemoattractants for both monocytes and 
20 specific subpopulations of lymphocytes ( Schmidt mayerova 
et al., 1996, Proc. Natl. Acad. Sci. USA 93:700-704). 

Thus, both human 3-chemokine expression induced in HIV 
infection, and the HIV chemokine -like protein, may 
function to recruit uninfected T cells and monocytes to 

25 sites of active viral replication or inflammation. 

Such recruitment of uninfected T cells which are 
CD4 + to sites of active viral replication, such as in 
the lymph node, may play a role in the decline of CD4+ T 
cells observed in the progression of AIDS. Such 

30 recruitment of mononuclear phagocytes to sites of active 
viral replication, such as in the brain, with subsequent 
activation of the mononuclear phagocytes to produce 
cytokines and NO (nitric oxide), may play a role in 
tissue pathology such as the neuropathogenesis observed 

35 in AIDS (Shapshak et al., 1995, Adv. Exp. Med. Biol. 
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373:225-238; Bukrinsky et al., 1995, J. Exp. Med. 
181:735-745; Achim and Wiley, 1996, Curr. Opin. Neurol. 
9:221-225). Additionally, through genetic variation, 
HIV may be able to control HIV chemokine expression 
5 depending on the tissue type in which it is adapting. 
In that regard, it is noted that HIV present in spinal 
cord and dorsal root ganglion harbour an LTR population 
genetically distinct in sequence from that present in 
other organs including lymph node, spleen, lung, and 

10 peripheral blood (Ait-Khaled et al . , 1995, AIDS 9:675- 
683) . Such variation in the LTR sequence can include 
variations in the sequence of the HIV antisense 
initiator element, and thus the expression of the HIV 
chemokine from the antisense initiator element. The 

15 heterogeneity of the HIV LTR isolated in various tissues 
may reflect the predominant collection of mutations in 
the cells infected in those tissues. Thus, an important 
consideration in treating or preventing AIDS 
pathogenesis in certain tissues may be to inhibit the 

20 HIV chemokine from recruiting lymphocytes and 

mononuclear phagocytes to sites of active viral 
replication. Alternatively, the heterogeneity of the 
HIV LTR may be part of the mechanism whereby the HIV 
chemokine acquires the capacity to ligand with a 

25 chemokine receptor expressed in a specific tissue as 

illustrated in Figure 8 (+/- ribosomal f rameshif ting) . 
It should be noted that a CNS derived HIV chemokine 
contains "CC" motif, whereas a LN/spleen contains "XC" 
chemokine . 

30 Kaposi's sarcoma is a malignancy that is rare in 

individuals uninfected with HIV, but frequent in (up to 
20 percent of) homosexuals with AIDS. Kaposi* s sarcoma- 
associated herpesvirus (KSHV) is thought to be the virus 
that is the etiologic cof actor of Kaposi's sarcoma in 

35 AIDS patients (Kedes et al., 1996, Nat. Med. 2:918-924; 
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Arvanitakis et al., 1997, Nature 385:347-349). 

Recently, discovered was a chemokine receptor produced 
by KSHV ("KSHV GPCR") which may act as a cof actor in 
AIDS-related malignancies including Kaposi's sarcoma and 
5 primary effusion lymphoma (PEL) (Arvanitakis et al., 

1997, supra) . However, the expression of this chemokine 

receptor on an KSHV- infected cell is not sufficient to 
lead to altered growth or neoplastic transformation. 
Rather, signaling of cell-KSHV GPCR is required by a 

10 cofactor produced during AIDS pathogenesis before 
altered growth or neoplastic transformation is 
initiated. Epidemiologic data supports this scenario, 
since KSHV appears to be sexually transmitted but 
malignancy primarily occurs only in AIDS patients; i.e., 

15 a sexually transmitted agent leading to AIDS-related 

malignancy rather than just a sexually transmitted agent 
leading to malignancy. While chemokines of the CXC 
class or CC class have been shown to bind to KSHV GPCR 
(Arvanitakis et al., 1997, supra), a logical cofactor 

20 that is HIV-related and thus explains the association 

between AIDS and malignancies including Kaposi's sarcoma 
and PEL is the HIV chemokine. That is, the HIV 
chemokine and KSHV GPCR are cofactors that interact to 
initiate cell signals leading to altered growth or 

25 neoplastic transformation in KSHV-inf ected cells. To 
interact with the KSHV GPCR which is membrane bound in 
the KSHV-inf ected cells, the HIV chemokine may either be 
soluble (e.g., secreted from HIV-infected cells), or a 
component of a viral particle or HIV infected cell 

30 membrane (e.g., interacting by itself as a membrane 
bound receptor or in conjunction with gpl20) . 

Alternatively, the HIV chemokine and variants 
expressed in various tissues or cell lines may represent 
an ideal vaccine candidate for AIDS prevention in as 

35 much as the isolated and purified HIV chemokine (and 



SUBSTITUTE SHEET (RULE 26) 



WO 99/41355 



- 16 - 



PCT/US99/03162 



variants) could be administered as vaccines to stimulate 
the human individual's intrinsic immune response to a 
"foreign" HIV chemokine without presumably interfering 
with human intrinsic chemokines necessary for 
5 recruitment of inflammatory responses. 

Because the HIV chemokine appears to play an 
important role for AIDS pathogenesis in vivo, one 

therapeutic approach is to consider using the HIV 
chemokine as an immunogen in a vaccine (including 

10 multivalent) formulation against disease caused by HIV 
infection. Thus, isolated and purified HIV chemokine, 
or peptides made by enzymatically cleaving HIV chemokine 
or synthesis using the amino acid sequence of HIV 
chemokine as a reference , may be used as immunogens in 

15 various vaccine formulations to prevent HIV entry into 
target cells, and/or in the prevention of tissue 
pathology in certain tissues caused by the HIV 
chemokine ' s recruitment of lymphocytes and mononuclear 
phagocytes to sites of active viral replication, and/or 

20 to prevent HIV chemokine from interacting with potential 
chemokine receptors such as KSHV-GPCR. 

More specifically, the resultant anti-HIV 
chemokine -antibodies may function to clear the tissue of 
chemoattractant HIV chemokine, and/or as "neutralizing" 

25 antibodies to block HIV chemokine from acting as a 

cofactor in binding to chemokine receptors such as for 
the entry of HIV into target cells or such as expressed 
by a KSHV-infected cell. Additionally, according to the 
present invention, the HIV chemokine, or peptides 

30 derived therefrom, may be used to generate HIV 

chemokine -specific antisera (human polyclonal antibody, 
or human-compatible monoclonal antibody including 
chimeric antibody) useful for passive immunization in 
HIV-infected individuals to clear the tissue of 

35 chemoattractant HIV chemokine, and/or as "neutralizing" 
antibodies to block HIV chemokine from acting as a 
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cofactor in binding to chemokine receptors such as for 
the entry of HIV into target cells or such as expressed 
by a KSHV- infected cell. 

Alternatively, peptides, modified peptides 
5 (collectively referred to as "peptides") or modified 
variants of HIV chemokine derived from the amino acid 
sequence of the HIV chemokine may be used as a 
therapeutic agent. For example, such a peptide (e.g., 7 
to 20 amino acids) or modified variant of HIV chemokine 

10 may be synthesized so as to minimize inducing an immune 
response, or have reduced or lack function as a 
chemoattractant , but retain the receptor binding 
function of either an antagonist or an agonist. As an 
antagonist, the peptide or modified variant of HIV 

15 chemokine would bind to at least one type of chemokine 
receptor which acts as a coreceptor or primary viral 
receptor for HIV entry or associated with AIDS 
pathogenesis, thereby blocking subsequent interaction of 
HIV with a target cell uninfected by HIV. In a 

20 preferred embodiment, the antagonist would be able to 
bind to and block more than one type of such chemokine 
receptor (e.g., more than one of CCR5, CXCR4 , CCR3, CCR- 
2b, KSHV GPCR, or any combination thereof) . As an 
agonist, the peptide or modified variant of HIV 

25 chemokine would bind to at least one type of chemokine 
receptor which acts as a coreceptor or primary viral 
receptor for HIV entry or associated with AIDS 
pathogenesis, thereby blocking subsequent interaction of 
HIV with a target cell uninfected by HIV. Additionally, 

3 0 the binding of the agonist to the target cell chemokine 
receptor would trigger the receptor to signal the cell 
to downregulate the expression of the chemokine 
receptor, the same signal generated by binding of a 
chemokine to its receptor (see, e.g., chemokine agonist 

35 in receptor binding- Hunter et al., 1995, Blood 86:4400- 
44 08) . In a preferred embodiment, the agonist would be 
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able to bind to and block more than one type of such 
chemokine receptor (e.g., more than one of CCR5, CXCR4 , 
CCR3 or CCR-2b, or any combination thereof) . In using 
such a peptide or modified variant of HIV chemokine, it 
5 is noted that human testing of a MlP-la variant (BB- 
10010) in cancer and HIV studies seems to be well 
tolerated and not inflammatory (Lord et al., 1996, Br. 
J. Cancer 74 : 1017-1022) . 

As reviewed above, HIV chemokine production may be 

10 modulated, depending upon the tissue type to which it 

has adapted. Thus, isolated and purified HIV chemokine, 
or peptides derived therefrom, may be used as an antigen 
in diagnostic immunoassays directed to detection of HIV 
infection for staging or to monitor response to anti- 

15 viral therapy by measuring the body fluid (e.g., serum, 
cerebral spinal fluid (CSF) , or urine) titer of any 
anti-HIV chemokine antibody that may be present in the 
HIV-infected individual. Also, isolated and purified 
HIV chemokine, or peptides derived therefrom, may be 

20 used to generate HIV chemokine -specif ic antibody which 

may be useful as reagents for diagnostic assays directed 
to detecting the presence of HIV chemokine in clinical 
specimens. Measurements of chemokine levels for 
chemokines that are cell differentiation-associated 

25 (Vinante et al . , 1996, Haematologica 81:195-200), or for 
monitoring efficacy of therapy (Segawa et al., 1996, 
Tntern. Med. 35:155-158) have been described previously. 
Alternatively, reverse transcription-nucleic acid 
amplification reactions with primers specific for 

30 amplifying all or a portion of the HIV chemokine 

sequence may be utilized to detect the presence of the 
HIV chemokine sequences in clinical specimens for 
staging or to monitor response to ant i -viral therapy. 
Similar methods of nucleic acid amplification have been 

35 described previously for determining cell type-specific 
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heterogeneity of the HIV-1 V3 loop in HIV-infected 
individuals (Yamashita et al., 1994, Virology 204:170- 

179) ; or to monitor the LTR variation (Ait-Khaled et 
al. , 1995, supra) . 

5 For purposes of the description, the methods and 

compounds of the present invention will be illustrated 
in the following examples. 

EXAMPLE 1 

10 A gene encoding an HIV chemokine according to the 

present invention can be obtained by isolating the HIV 
dsDNA intermediate from an HIV-infected cell, or may be 
synthesized in vitro by reverse transcriptase-nucleic 
acid amplification from the antisense mRNA originating 

15 from the HIV antisense initiator, HIValNR . Figure 1 
illustrates the position of the HIV chemokine gene in 
relation to other HIV genes and regulatory elements. 

Alternatively, since the HIV chemokine gene is 
coded for by the plus strand of the HIV, which is 

20 complimentary to the minus strand, the sequence of a 

given strain of HIV chemokine gene can be deduced from 
the known LTR region sequences of HIV strains available 
in gene databanks (see also Human retroviruses and AIDS 
1995, a compilation and analysis of nucleic acid and 

25 amino acid sequences. Ed. G. Mayers., Los Alamos 
national Laboratory) . To further illustrate this 
embodiment, the nucleotide sequence of the antisense 
gene encoding the HIV chemokine of Ibl revINRold was 
deduced (SEQ ID N0:1) utilizing the nucleotide sequence 

30 of the HIV minus strand. This sequence termed as M HIV 
chemokine gene" has an antisense initiator, aINR, at 
position 60-68 (SEQ ID N0:1). Tha aINR has the 
consensus 5 1 Py Py A N T/A Py Py 3 1 as disclosed in our 
copending application serial no. 08/698,652. A TATA box 

35 is present about 42 nucleotides downstream from the site 
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of antisense initiation and in the opposite orientation 
at nucleotides 110-114. There is also an ATF consensus 
site upstream of the antisense gene. The open reading 
frame encodes a protein of 81 amino acids (SEQ ID NO: 2) . 
5 The production of this protein requires a frameshift at 
the nucleotide at position 263 of SEQ ID NO:l. The 
frameshifting is potentiated by the formation of 
pseudoknot structures in the RNA. The Ibl revINRold 
sequence is derived from pNLgag (Adachi et al., J. 

10 Virology, 59:284-291) which has a mutation following the 
first start codon of HIV chemokine at nucleotide 114 
such that a stop codon immediately follows. Therefore, 
the second start site at nucleotide 206 is utilized. 
However, most other HIV strains actually have the first 

15 start codon available and potentially viable, which 

would entail sets of ribosomal frameshifts and code for 
larger proteins . 

In another illustration of this embodiment the 
nucleotide sequence of the antisense RNA encoding HIV 

20 chemokine of SF-2 strain of HIV was deduced (SEQ ID 

NO: 6) from the known nucleotide sequence of the minus 
strand. The first start codon is at nucleotide 52. The 
second start codon is at nucleotide 144. The larger 
protein (SEQ ID NO:7), starting at the first start codon 

25 has 112 amino acids and requires a (+1) frameshift at 

nucleotide 133 and -1 ribosomal frameshift at nucleotide 
265. Another large protein (SEQ ID NO: 14) is obtained 
by a (-1) frameshifting at nucleotide 133 and a (+1) 
frameshifting at nucleotide 265 . If the sequence is 

30 read through, a protein of SEQ ID NO: 15 is possible. 

Two shorter proteins are also possible starting at the 
second start codon. The first of these two (SEQ ID 
NO: 8) has 82 amino acids and requires two (-1) ribosomal 
frameshifts at nucleotide 200 and nucleotide 265. The 

35 second of the shorter proteins (SEQ ID NO: 9) has 81 
amino acids and requires a ribosomal frameshift at 



SUBSTITUTE SHEET (RULE 26) 



WO 99/41355 



- 21 - 



PCT/US99/03162 



nucleotide 201. It should be noted that both a 5 1 
terminal hairpin, as well as pseudoknot motifs are 
present within the HIValNR-generated antisense RNA 
(Figure 9) . These pseudoknot s closely resemble 
5 synthetic RNA pseudoknot s selected for binding to HIV- 
reverse transcriptase (Tuerk et al., 1992, Proc. Natl. 
Acad. Sci. USA, 89/6988-6992). Similarly, sequences of 
antisense RNA of other strains of HIV can be deduced 
from the nucleotide sequence of the minus strand. These 

10 sequences are found to display at least 80% homology to 
the sequence of SEQ ID NO: 6. 

To further illustrate this embodiment, the 
nucleotide sequence of the antisense RNA encoding HIV 
chemokine of a HIV strain isolated from the CNS of a 

15 patient was deduced from the known nucleotide sequence 
of the minus strand (SEQ ID NO:25). The first start 
codon is at nucleotide 52. Depending upon the 
f rameshif ting or readthrough, multiple proteins are 
possible. For a (+1) f rameshif t at 133 nucleotide and 

20 (-1) f rameshif t at nucleotide at 265, a protein of SEQ 

ID NO: 10 is obtained. For a ribosomal f rameshif t of (- 
1) at nucleotide at 133, and a (+l) f rameshif t at 
nucleotide, a protein of SEQ ID NO: 11 is obtained. If 
the f rameshif ts are read through, a protein of SEQ ID 

25 NO: 15 is obtained. 

In another illustration, the nucleotide sequence of 
the antisense RNA encoding HIV chemokine of a HIV strain 
isolated from the lymph node and spleen of a patient was 
deduced from the known nucleotide sequence of the minus 

30 strand (SEQ ID NO:26) . The first start codon is at 
nucleotide 52. Depending upon the f rameshif ting or 
readthrough, multiple proteins are possible. For a (+1) 
frameshift at 133 nucleotide and (-1) frameshift at 
nucleotide at 280, a protein of SEQ ID NO: 12 is 

35 obtained. Additional amino acids are coded for in some 
variants. For a ribosomal frameshift of (-1) at 
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nucleotide at 133, and a (+1) frameshift at nucleotide 
280 , a protein of SEQ ID NO: 13 is obtained. If the 
frameshifts are read through, a protein of SEQ ID NO: 16 
is obtained. 

5 Similarly, amino acid sequences for chemokine- 

like proteins from other strains of HIV can be obtained 
from the antisense RNA sequence. Thus, the amino acid 
sequence for (+1), (-1) frameshift for YU2 strain is 
disclosed in SEQ ID NO: 16 and SEQ ID NO: 17, while the 
10 amino acid sequence obtained by readthrough is SEQ ID 
NO: 18. 

The amino acid sequence of a chemokine-like protein 
for ELI strain with read through is disclosed in SEQ ID 
NO: 19. 

15 The amino acid sequence of a chemokine from another 

strain, p896, with several readthrough events is 
disclosed in SEQ ID NO: 20. 

It should also be noted that constructs which 
contain HIV LTR regions may also be used to produce HIV 

20 chemokines-like proteins. For example, the antisense 
RNA sequence of pHIV-CAT which is commonly used to 
transfect cells and was used to transfect cells as 
disclosed herein was obtained by standard sequencing 
techniques and is disclosed in SEQ ID NO: 21. This 

25 antisense RNA encodes a protein SEQ ID NO: 22. 

From these illustrations it will be evident to 
those skilled in the art that the sequence of the 
antisense RNA encoding chemokine-like proteins from HIV 
strains or double stranded constructs derived from the 

30 HIV strains, can be deduced. It will also be 

appreciated by those skilled in the art that the 
plasticity of the HIV genome leads to variations in the 
antisense RNA sequence. Such variations are intended to 
be included within the scope of this disclosure. 

35 Ribosomal f rameshif ting adds another element of 
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plasticity to the sequence of encoded protein and is 
also intended to be within the scope of this disclosure. 

In another illustration of this embodiment, the HIV 
chemokine gene including the open reading frame and HIV 
5 chemokine encoding sequence from different strains of 
HIV can be isolated. HIV dsDNA intermediate from an 
HIV-infected cell can be isolated or RNA transcripts may 
be amplified in vitro by reverse transcription from the 
HIV RNA by using oligonucleotide primers which 

10 specifically hybridize to the nucleotide sequence of SEQ 
ID NO:l. Using this sequence, it will be appreciated 
that one skilled in the art may design oligonucleotide 
primers useful in the nucleic amplification of the HIV 
chemokine gene, or oligonucleotide probes useful for 

15 detection of amplified sequences containing all or a 
portion of the HIV chemokine -like protein encoding 
sequence in other strains of HIV isolated from different 
individuals or of HIV isolated from different tissues of 
the same individual. 

20 A further alternative is to isolate either HIV RNA 

or HIV dsDNA from HIV-infected cells using methods known 
to those skilled in the art, and then use techniques 
that would result in the amplification and/or cloning of 
an HIV chemokine coding sequence. Following 

25 determination of the nucleotide sequence of the isolated 
HIV chemokine, further characterization may be performed 
by computer analysis using software known in the art to 
record the DNA sequence and determine the correct 
reading frame, codon usage, predicted amino acid 

30 sequence and molecular size of the encoded HIV 

chemokine, and comparison of the amino acid sequence of 
that particular HIV chemokine with the amino acid 
sequence of other HIV chemokines. 

35 
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EXAMPLE 2 

This embodiment illustrates the generation of HIV 
chemokine RNA transcripts off of the antisense 
initiator, HIValNR. Since HIV-1, once integrated into a 
5 human host cell chromosomal DNA, is dependent upon 

eukaryotic transcription factors and RNA polymerases to 
transcribe its genes (Cullen, 1992, Microbiol. Reviews, 
375-394), a eukaryotic transcription system (commercial 
Drosophila embryo nuclear extract transcription system) 

10 that can efficiently transcribe from eukaryotic 

initiators in vitro was used to investigate whether 
eukaryotic transcription could initiate from the 
HIValNR. Four different HIV-1 LTR fragments, 
illustrated in Figure 2a, were generated by polymerase 

15 chain reaction using HIV- LTR templates and primers 
containing bacteriophage T7 or Sp6 polymerases, as 
previously described (Ludwig et al., 1995, Nuc. Acid 
Res. 23:3792-3793), which method is hereby incorporated 
by reference. The fragments are 5 ! Hae III PBS (Sp6) 3' 

20 which includes two Spl sites and TATA box and extends 
through the primer binding site (PBS; Fragment 1); 5 ! 
PvuII-PBS (Sp6) 3' fragment which lacks all of the Spl 
sites and bisects the TATA box (Fragment 2); 5 f (T7) 
PvuII-SacI (Sp6) 3* fragment which truncates the TAR 

25 region 48 base pairs from the mRNA cap site and start 
site (Fragment 3); and 5' (T7) R-BssHII (Sp6) 3' 
fragment which contains no HIV-1 promoter Spl sites or 
TATA box but contains the TAR region DNA (Fragment 4) . 
In vitro transcription reactions were performed 

30 with each template using a eukaryotic transcription 

system (Drosophila Nuclear Extract, Promega) according 
to manufacturer's instructions, to initiate 
transcription off of HIValNR. This eukaryotic 
transcription system used Drosophila nuclear extracts to 

35 supply transcription factors and the eukaryotic RNA 
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polymerases. Each of the in vitro transcription 

reactions was then treated with DNase I to remove DNA 
template, followed by phenol chloroform extraction and 
by ethanol precipitation to remove the DNase from the 
5 synthesized RNA. The RNA transcripts were hybridized 
either to a biotin- labeled sense RNA probe (5 1 (T7) R- 
U5-PBS-BssH II (SPG) 3') Figure 3a, lane 1-6 or to 
biotinylated antisense RNA probe (5* (SPG) BssH II-PBS- 
U5-R (T7) 3') Figure 3a, lanes 10-15. The hybridized 

10 RNA was subjected to ribonuclease Tl digestion and 
analysis by electrophoresis on a denaturing 8% 
polyacrylamide gel electrophoresis (PAGE) . The size of 
RNA transcript was observed to be 25 nucleotides 
distinct from the protected TAR loop or undigested probe 

15 (Figure 3a, lanes 2-6; which was absent in control lane 
1) . 

As shown in lanes 10-15, Figure 3a, no expected 
size transcripts were initiated in the usual sense 
orientation, as demonstrated by the failure of the 

20 antisense probe to hybridize, and thereby protect, sense 
transcripts in a RNA digestion assay. It is important 
to note that for the in vitro transcription experiments, 
Drosophila nuclear extracts were used, which 
intrinsically lack Spl protein. Thus a major driving 

25 force for sense transcription from the HIV-1 promoter in 
vitro was lacking, enabling the observance of antisense 
transcription in isolation. It was observed that 
primer extension utilizing HIV-specific biotinylated 
primers and unlabeled dNTPs allowed specific analysis of 

3 0 the RNAs synthesized off the HIV LTR templates while 
eliminating the background contribution seen from the 
Drosophila nuclear extract (Figure 3b) . Simultaneous in 
vitro transcription reactions performed using Drosophila 
nuclear extract and either the original HIV-1 LTR 

35 (labeled O) , or truncated portions of the HIV-1 LTR 

extending from the Aval to the Hindlll site, (labeled 
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A) , or extending from the Avail to the Hindlll site 
(labeled B) , as diagrammed in Figure 2b) allowed 
delineation of the 3 ' end of the antisense transcript 
between the Avail site and the U3 end of the HIV-1 LTR 
5 (Figure 3b) . Control transcription reactions receiving 
no template were labeled NT. Primer extension with 
sense Aval or Ava II primers, with RNA synthesized from 
the truncated A or B templates demonstrated cDNA of the 
expected size for an antisense transcript generated off 
10 the HIV aINR. 

EXAMPLE 3 

This embodiment is directed towards demonstration 
of in vivo transcription from HIV-alNR. An in vivo 

15 eukaryotic transcription system may be used to produce 

mRNA transcripts from human cell lines (e.g., a lymphoid 
cell line such as Jurkat T cells, or a mononuclear 
phagocyte cell line) which have been transfected with a 
eukaryotic vector containing the coding sequence for HIV 

20 chemokine operably linked to the HIV antisense initiator 
or other functional eukaryotic promoter including one or 
more regulatory elements. 

To further illustrate this embodiment, in vivo 

transcription from the HIV-alNR was analyzed by reverse 
25 transcription-polymerase chain reaction of RNA isolated 
from human Jurkat T cells which has been transfected 
with pHIV-CAT. Plasmid pHIV-CAT contains the HIV-1 LTR 
U3 and R sequences 5 1 to the chloramphenicol 
acetyltransf erase (CAT) gene. Transf ections of plasmid 
30 DNA were performed in the presence of a transfection 
agent (Transf ectam™, Promega) . Briefly, plasmid DNA 
(0.086 /kj plasmid DNA per 0.182 fxl transf ectum per well 
for 2 hours) was incubated with the cells using 
conditions as essentially described by the manufacturer. 
35 Control transfection reactions included pHIV-CAT plus 
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pSV-(3gal plus transfection reagent (to assess 
transfection efficiency) , transfection reagent alone 
("mock" transfection), or no treatment at all. Cells 
were then resuspended in culture medium and continued in 
5 culture for two days. RNA was then extracted from the 
pelleted cells, and purified using standard techniques 
well known in the art. The purified RNA was then split 
and subjected to reverse transcription using a 5 1 Aval 
sense primer (SEQ ID NO: 3), to anneal with and extend 
10 HIV-antisense transcripts, followed by amplification by 
PCR with 3 0 cycles of denaturing (94°, 45 seconds) , 
reannealing (70°C, 45 seconds) , and extension (72°C, 2 
minutes) using the Aval sense primer and either a 3 f 
antisense primer (SEQ ID NO:4), or a 3 1 Mael antisense 

15 primer (SEQ ID NO:53). The reverse- transcription-PCR 
products were then analyzed by 3% agarose gel 
electrophoresis, transferred to a nitrocellulose 
membrane (Biodyne) and detected colorimetrically . 

The results are illustrated in Figure 4 . The lanes 

20 marked "M" represent DNA size standard markers. HIV-1 
RNA transcripts could be detected only in RNA isolated 
from Jurkat T cells transfected with pHIV-CAT (Figures 
4, 7a-12a) , using a 5' sense primer (5 1 Aval) to extend 
off the antisense transcript in the reverse 

25 transcription reaction, followed by PCR amplification 
with the 5'AvaI sense primer and a biotinylated 
antisense 3 1 441 primer containing sequences 
complementary to beginning TAR sequences. As shown in 
Figure 4, lanes la-3a) , no product was obtained in 

30 simultaneous identical reverse -transcription PCR 

reactions performed using total cellular RNA isolated 
from Jurkat T cells that were mock transfected, and 
received transfectam but no DNA template (NT) . No 
products were obtained when the same samples as in lanes 

35 7a-12a in Figure 4, were simultaneously analyzed by 
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reverse transcription PCR with 5 1 Aval in the reverse 
transcription step, but amplified with an alternative 3' 
Mael antisense primer during PCR (lanes 7b-12b) . The 3' 

Mael antisense primer is complementary to sequences in 

5 TAR region situated beyond the HIV aINR (Figure 6) , and 
is therefore, not expected to generate amplified 
products from authentic antisense RNA, This control, 
therefore, serves to confirm the authenticity of 
transcripts originating from the HIValNR. 

10 In another illustration of this embodiment cells 

stably transfected with HIV were used to demonstrate the 
presence of transcripts originating from the HIValNR . 
Therefore, cell line U38 containing stably transfected 
HIV-1 LTR-CAT gene sequences were analyzed for in vivo 

15 antisense HIV-1 transcripts. The cells were cultured 
with or without stimulation with calcium ionophore and 
phorbol ester. Total RNA was extracted by standard 
methods, split equally three ways and treated either 
with a single DNase treatment, two DNase treatments, or 

20 two DNase treatments plus RNase digestion. The samples 
were then subjected to reverse transcript ion- PCR. For 
reverse transcription PCR analysis, each treated sample 
was analyzed five ways: for the presence of antisense 
HIV-1 transcripts (Figures 5a and 5b, lanes 2-7); for 

25 the presence of sense HIV-1 transcripts (Figure 5a and 
5b, lanes 28-33) ; for the presence of DNA contamination 
(Figure 5a and 5b, lanes 20-25); for G3PDH RNA (Figure 
5b, lanes 37-42); and for reverse transcription PCR 
performed without the reverse transcriptase (Figure 5a 

30 and 5b, lanes 11-16. Internal controls, consisting of 
primer without template (Figure 5, "Pr" , lanes 
8,17,26,34 and 43) were also run to confirm that the 
reverse transcription-PCR reaction mixture were not 
contaminated with templates. A separate control set 

35 with primers and an internal control standard RNA 
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template (Figure 5, 11 Is", lanes 1,10,19,27, and 36) was 
run to confirm comparable primer annealing efficiency. 
In addition, RT+/- and PCR (kit) +/- kit controls were 
run in lanes 44-47. Thus, Figure 5a illustrates the 
5 biot in- labeled RT-PCR products following transfer to a 
membrane and colorimetric detection (G3PDH primers were 
not labeled) , and 5b illustrates the RT-PCT products as 
photographed following ethidium bromide staining of the 
gel prior to transfer. 

10 As shown in Figures 5a and 5b, antisense RNA 

transcripts are made off of the HIValNR in stably 
transfected cells in vivo, at a level (lanes 2-7) 
comparable to intrinsic cellular G3PDH RNA transcripts 
(Figure 5b, lanes 37-42) and sense HIV-1 transcripts 

15 (lanes 28-33) . RNase digestion (lanes 4 and 7), but not 
DNase digestion (lanes 2,3,5 and 6) of the U3 8 total 
cellular RNA eliminated the antisense RNA product 
band(s) of reverse transcription- PCR reactions. The 
identical RNA samples that had RNase treatment also 

20 demonstrated the elimination of products for G3PDH RNA 

(Figure 5b, lanes 3 9 and 42, and for sense HIV RNA lanes 
30 and 33) . Antisense RNA generated off the HIV-1 LTR 
and analyzed by reverse transcription using sense primer 
(5 1 Aval) generated a cDNA when the sense 5' primer or 

25 the antisense 3 1 441 primers were present in the PCR 
reaction but not when an antisense Mael primer was 
present in the PCR reaction. The Mael primer anneals 
outside of the transcription start site for antisense 
RNA. Third, while DNA contamination can be observed 

30 with U38 total cellular RNA samples obtained from cells 
stimulated with Ca ionophore and PMA, and treated with 
DNase only once (Figure 5a and 5b, lane 14), no 
contamination was observed with any of the total 
cellular RNA samples obtained from unstimulated U38 

35 (Figure 5a and 5b, lanes 11-13, which correspond to the 
same RNA samples analyzed in lanes 2,-4) . 
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In summary, this embodiment demonstrates the 
generation of authentic antisense transcripts in vitro 
and in vivo. 



5 EXAMPLE 4 

An HIV chemokine according to the present invention 
may be characterized by its amino acid sequence, which 
may vary depending on the HIV isolate of origin, 
including tissue site of the HIV isolate of origin. By 
10 using nucleotide sequence data, the amino acid sequence 
of the HIV chemokine protein, as shown in SEQ ID NO: 2 
for lbl revINRold, SEQ ID NOs : 7,8 and 9 for SF-2 strain 
is derived. 

In one illustration of this embodiment, using a 

15 gene database, and a software alignment program known in 
the art, a sequence comparison was made between a HIV 
chemokine amino acid sequence and various mammalian 
chemokines. Figure 7 illustrates a comparison of the 
deduced amino acid sequence of HIV chemokine of the 

20 present invention and other chemokines. After 

introducing gaps in the SDF-1 sequence, a consensus was 
obtained for 23 of the amino acids of HIV chemokine (lbl 
revINRold; SEQ ID NO: 2) and SDF-1; for 20 of the amino 
acids of HIV chemokine (lbl revINRold; SEQ ID NO: 2) and 

25 IL8- human, and HIV chemokine and 1-309 (Figure 7) . The 
a-chemokine receptor CXCR4 has been identified as a 
coreceptor required for HIV entry, and one natural 
ligand for CXCR4 has been identified as CXC chemokine 
SDF-1. Thus, the relatedness of the HIV chemokine to 

30 SDF-1, as shown in FIG. 7, implicates the HIV chemokine 
as being a factor (alone) or a cofactor (with gpl20) in 
binding to chemokine receptors required for HIV entry 
into a target cell. That SDF-1 has been shown to 
inhibit infection of CXCR4 and CD4 expressing cells by 

35 T-tropic HIV-1 strains (Oberlin et al., 1996, supra) 

suggests that isolated and purified HIV chemokine may 
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also inhibit infection of CXCR4 and CD4 expressing cells 
by HIV-1 strains. Based on these findings, the HIV 
chemokine may be used to generate peptides or a modified 
variant of the HIV chemokine for use as a vaccine; as an 
5 antigen to generate antisera such as for neutralizing 
antibodies and for diagnostic immunoassays; as an 
agonist of HIV chemokine; as an antagonist to HIV 
chemokine and to generate primers or probes from the 
corresponding HIV chemokine coding sequence for 

10 diagnostic and prognostic applications. 

In another illustration of this embodiment, the 
amino acid sequences of HIV chemokines from different 
strains of HIVs was deduced from their known nucleotide 
sequences of the minus strand available from gene 

15 databases. Using commercially available software, the 

amino acid sequence of HIV chemokines transcribable from 
the plus strand was compared for cell lines and HIV 
isolates from patients. The cell lines compared were 
TCLA, SF-2, macrophage trophic primary viral (YU2) . The 

20 data from HIV isolates of patients was obtained from 
either central nervous system ((Pt)CNS) or lymph node 
and spleen isolates ((Pt)LN/SP. As illustrated in 
Figure 8, the amino acid sequence of the HIV chemokines 
shows a high degree of homology with the N- terminus 

25 being more conserved. Although the amino acids 

comprising this portion of the amino terminus of all HIV 
chemokines analyzed to date seem to be conserved, one 
skilled in the art will appreciate that minor variations 
in the amino acid sequence may occur, particularly since 

30 HIV is known to frequently vary its sequences. However, 
the comparison suggest that the conservation of this 
region may reflect a common mechanism for structure 
(e.g., folding) or for regulation. The plasticity of 
the RNA (secondary tertiary structures i.e. pseudoknots) 

35 enables more than one potential reading frame to be 
utilized. 
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EXAMPLE 5 

The present invention relates to an HIV gene, 
isolated from a strain of HIV, wherein the gene encodes 
an HIV chemokine-like protein. With sequence 
5 information, like that shown in SEQ ID NOs: 1 and 2, 
other polypeptides can be produced which display "HIV 
chemokine" activity. More particularly, variant 
nucleotide sequences can be natural variants or variants 
produced by synthetic or mutagenic means for modifying 

10 the disclosed nucleotide sequences. Methods for 

synthetically producing such variant sequences are known 
to those skilled in the art of protein design. In 
designing such variants, one needs to consider avoiding 
mutations of sequences that encode the structurally and 

15 functionally- involved amino acids, or the cysteine 

residues involved in disulfide bond formation, which may 
negatively affect the role of the HIV chemokine in 
binding to chemokine receptors. In that regard, it is 
noted that the receptor-binding pocket (also called the 

20 "hydrophobic pocket") is a domain of the HIV chemokine 
involved in binding to chemokine receptors . The domain 
can be determined using methods known in the art in 
which chimeras of chemokines, in which domains are 
interchanged, are tested for their ability to bind to a 

25 specific receptor (Heinrich and Bravo, 1995, J. Biol. 

Chem. 270:28014-7; Hammond et al., 1996, J. Biol. Chem. 
271:8228-35). These standard techniques have been used 
to determine which binding domain (s) can function as an 
agonist, partial agonist, or an antagonist (Heinrich and 

3 0 Bravo, 1995, supra) . Thus, the potential domains of HIV 
chemokine, resembling that of other chemokines can be 
interchanged with similar domains of SDF-1 in forming 
chimeras whose binding specificity to CXCR4 (or CXCR4 
and CD4) expressing cells can then be evaluated using 

35 methods known in the art (Oberlin et al . , 1996, supra, 
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Bleul et al., 1996, supra). Similarly, chimeras made of 
domains of HIV chemokine with another chemokine (e.g., 
RANTES or MlP-la, or MIP-13) and tested against (3- 
chemokine receptor expressing cells (CCR-5, or CCR2b, or 
5 CCR3) may be used to determine the domain (s) of HIV 
chemokine that can function as an agonist, partial 
agonist, or an antagonist. Analysis of chimera binding 
to 3-chemokine receptor expressing cells has been 
described previously (see, e.g., Rucker et al . , 1996, 

10 Cell 87:437-446) . Identifying the amino acids making up 
a HIV chemokine functional domain in binding specificity 
to a chemokine receptor enables the design of peptides 
or modified variant HIV chemokine which may be useful 
for therapeutic and/or diagnostic applications. 

15 In one embodiment, the variant sequence may be 

produced by site-directed mutagenesis using one of the 
several methods for such mutagenesis which are known to 
those skilled in the art (see, e.g. U.S. Patent No. 
5,397,705). For example, site directed mutagenesis 

20 using oligonucleotides comprises the steps of (i) 

synthesizing an oligonucleotide with a sequence nearly 
identical to a sequence in the HIV chemokine gene except 
that the oligonucleotide sequence contains the desired 
nucleotide substitution (encoding for a mutation in the 

25 amino acid sequence) ; (ii) hybridizing the 

oligonucleotide primer to a template comprising the 
nucleotide sequence encoding an HIV chemokine; and 
extending the oligonucleotide primer using a DNA 
polymerase. The resultant variant sequence may then be 

30 incorporated into an expression vector which is then 
used to genetically engineer a host cell to 
recombinantly produce a polypeptide having at least 
partial, if not full, HIV chemokine binding specificity. 
In another embodiment, genetic engineering 

35 techniques can be used to generate nucleic acid 

molecules comprising a variant sequence that is a 
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substantial portion of the HIV chemokine gene. As 
apparent to one skilled in the art, from the HIV 
chemokine gene sequence, and from a restriction map 
thereof, it can be determined which restriction enzyme 
5 or combination of restriction enzymes may be used to 
generate nucleic acid molecules encoding a modified 
variant of HIV chemokine having some of, the same as, or 
more than, the binding specificity exhibited by the HIV 
chemokine of natural HIV isolates. Restriction enzyme 

10 selection may be done so as not to destroy the binding 
domain/hydrophobic pocket of the resultant polypeptide. 
Consequently, restriction enzyme combinations may be 
used to generate nucleic acid molecules (variant 
sequences) , which when inserted into the appropriate 

15 vector, are capable of directing the production of a 
modified variant of HIV chemokine having some of, the 
same as, or more than, the binding specificity exhibited 
by the HIV chemokine of natural HIV isolates. 

In a further embodiment, an HIV chemokine may be 

20 made into a modified variant of HIV chemokine by 

chemical means. For example, a modified variant (a 
"derivative") of the chemokine RANTES was created by 
chemical modification of the amino terminus (Simmons et 
al., 1997, Science 276:276-279) . The amino terminus was 

25 modified by reacting it with aminooxypentane (AOP) . The 
resultant AOP -RANTES was a potent antagonist which 
inhibited infection of target cells by M-tropic HIV-1 
strains (indicating full receptor occupancy) , yet did 
not induce chemotaxis. Thus, the amino terminus of HIV 

30 chemokine may be reacted with AOP by amino terminal 

oxidation using the methods described by Simmons et al . 
(supra) to achieve a modified variant of HIV chemokine 

that may act as an antagonist . 



SUBSTITUTE SHEET (RULE 26) 



WO 99/41355 



- 35 - 



PCT/US99/03162 



EXAMPLE 6 

This embodiment illustrates that a nucleic acid 
molecule comprising a nucleotide sequence encoding an 
HIV chemokine, a variant sequence encoding a modified 
5 variant HIV chemokine, or a nucleotide sequence encoding 
a peptide derived from HIV chemokine (collectively 
referred to as "nucleotide sequence) , can be inserted 
into a vector for expression in a host cell system. 
Successful expression of the HIV chemokine, modified 

10 variant HIV chemokine, or peptide derived from HIV 

chemokine (collectively referred to as "recombinant HIV 
chemokine") , requires that either the insert comprising 
the nucleotide sequence encoding the recombinant HIV 
chemokine, or the vector itself, contain the necessary 

15 elements for transcription and translation (regulatory 
elements) which is compatible with, and recognized by 
the particular host system used for expression. A 
variety of host systems may be utilized to express the 
recombinant HIV chemokine, which include, but are not 

20 limited to bacteria transformed with a bacteriophage 

vector, plasmid vector, or cosmid DNA; yeast containing 
yeast vectors; fungi containing fungal vectors; insect 
cell lines infected with virus (e.g. baculovirus) ; and 
mammalian cell lines transfected with plasmid or viral 

25 expression vectors, or infected with recombinant virus 
(e.g. vaccinia virus, adenovirus, adeno-associated 
virus, retrovirus, etc.). 

Using methods known in the art of molecular 
biology, including methods described above, the 

30 antisense initiator, aINR, or other promoters and 

regulatory elements can be incorporated into the vector 
or the nucleotide sequence encoding the recombinant HIV 
chemokine, to increase the expression of the recombinant 
HIV chemokine, provided that this increased expression 

35 is compatible with (for example, non-toxic to) the 

particular host cell system used. The selection of the 
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promoter will depend on the expression system used. 
Promoters vary in strength, i.e. ability to facilitate 
transcription. Generally, for the purpose of expressing 
a cloned gene, it is desirable to use a strong promoter 
5 in order to obtain a high level of transcription of the 
nucleotide sequence and expression into the recombinant 
HIV chemokine product. For example, bacterial, phage, 
or plasmid promoters known in the art from which a high 
level of transcription has been observed in a host cell 
10 system comprising E. coli include the lac promoter, trp 

promoter, tac promoter, recA promoter, ribosomal RNA 
promoter, the P R and P L promoters, lacUV5, ompF, bla, 
Ipp, and the like, may be used to provide transcription 
of the inserted nucleotide sequence encoding the 

15 recombinant HIV chemokine. Promoters known in the art 
for transcription to occur in mammalian cells may 
include viral or viral -like basal promoters like the 
SV40 late promoter, the RSV promoter, the CMV immediate 
early promoter, adenovirus major late promoter, the MMTV 

20 promoter, and a VL30 promoter; and cellular promoters 

including metallothione promoters (See, e.g., Larsen et 
al., 1995, Nucleic Acids Res. 23:1223-1230; Donis et 

al., 1993, BioTechniques 15:786-787; Donda et al . , 1993, 

Mol. Cell. Endocrinol. 90:R23-26; and Huper et al . , 

25 1992, In Vitro Cell Dev. Biol. 28A: 730-734) , and may be 

used to provide transcription of the inserted nucleotide 
sequence encoding the recombinant HIV chemokine. 

Other regulatory elements for efficient gene 
transcription or message translation include enhancers, 

30 and regulatory signals. Enhancer sequences are DNA 
elements that appear to increase transcriptional 
efficiency in a manner relatively independent of their 
position and orientation with respect to a nearby gene. 
Thus, depending on the host cell expression vector 

35 system used, an enhancer may be placed either upstream 
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or downstream from the inserted nucleotide sequence 
encoding the recombinant HIV chemokine to increase 
transcriptional efficiency. One or more regulatory- 
elements, such as transcription or translation 
5 initiation signals, may be used to regulate the 

expression of the nucleotide sequence encoding the 
recombinant HIV chemokine. Such regulatory elements may 
be inserted into the nucleotide sequence encoding the 
recombinant HIV chemokine or nearby vector DNA sequences 

10 using recombinant DNA methods described for insertion of 
DNA sequences . 

Accordingly, a nucleotide sequence encoding for a 
recombinant HIV chemokine can be ligated into an 
expression vector at a specific site in relation to the 

15 vector ! s promoter and regulatory elements so that when 

the recombinant vector is introduced into the host cell, 
the recombinant HIV chemokine is expressed from the 
recombinant vector in the host cell. For example, the 
nucleotide sequence containing its own regulatory 

20 elements can be ligated into an expression vector in a 
relation or orientation to the vector promoter, and 
control elements which will allow for expression of the 
recombinant HIV chemokine. The recombinant vector is 
then introduced into the appropriate host cells, and the 

25 host cells are selected, and screened for those cells 
containing the recombinant vector. Selection and 
screening may be accomplished by methods known in the 
art including detecting the expression of a marker gene 
(e.g., drug resistance marker or auxotrophic marker) 

3 0 present in the vector; immunoscreening for production of 
recombinant HIV chemokine- specific epitopes using 
antisera generated to epitopes of HIV chemokine; probing 
the DNA of the host cells for a nucleotide sequence 
encoding a recombinant HIV chemokine using one or more 

35 oligonucleotides, and methods known in the art; and a 

functional assay to test binding of the recombinant HIV 
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chemokine to a chemokine receptor which is known to bind 
to HIV chemokine. 

EXAMPLE 7 

5 This embodiment demonstrates the effects of introducing 
the gene sequence for the HIV chemokine (s) into a cell 
line. To illustrate this embodiment, a cell line stably 
producing multiple HIV-1 proteins but no infectious 
virus was used (HL2/3; Ciminale et al. # 1990, AIDS 

10 Research and Human Retroviruses, vol 6, p 1281-1286) . 
HL2/3 was generated by stably transfecting HeLa cells 
with a hybrid HIV-1 clone HXB2/3gpt and selecting for 
stable production of HIV-1 proteins. Gag, Env, Tat, 
Rev, and Nef , but no reverse transcriptase, are produced 

15 by this cell line and co-cultivation experiments 

demonstrate no viral propagation. It was intended as a 
fusion partner, along with another cell line expressing 
CD4 (HLCD4-CAT) . No CD4 is expressed on the surface of 
the HL2/3 cell line as determined by flow cytometry. 

20 HeLa cells (3.8 X 105/well) were plated and then 

transfected the following day for 2 hours, followed by 
the addition of serum containing media and various 
treatments. A comparison of cells following either mock 
transf ections (Transf ectam, Promega) or transf ections 

25 with either pHIV-CAT (abbreviated pHIV; Nable et al., 
1987, Nature, 326:711-713), or pwtA (Rizzuto et al., 
1998, Science, 280:1949-53 and pHIV-CAT (abbreviated as 
pHIV+pwt) performed as described in Example 3, 
illustrates the effects of the HIV-1 LTR U3 and R 

30 sequences (containing the HIV chemokine gene) on cell 
survival and morphology (Table 1 and Figure 10) . 
Sequencing of the constructs indicated that plasmid 
pHIV-CAT contains the HIV-1 LTR U3 and R sequences 5 1 to 
the CAT gene, whereas the plasmid pwtA contains a 

35 truncated gp-120 construct (Sodroski et al.) as well as 
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the HIV-1 LTR. HL2/3 cells, following transf ection, 
were +/- stimulated with Ca ionophore (50ng/ml) and 
phorbol myristate acetate (50 ng/ml) or treated or not 
with affinity-purified rabbit antibody to HIV chemokine 
5 peptides (+Ab) and grown on coverslips for hematoxylin 
and eosin staining in 6 -well plates. Four peptides were 
used together for generating the antibodies. These were 
peptide corresponding to amino acid 19-35 of SEQ ID 
NO: 10, amino acid 51-71 of SEQ ID NO: 2, amino acid 89- 

10 103 of SEQ ID NO: 10 with a cysteine at N-terminal end, 
and amino acid 20-38 of SEQ ID NO: 2. After 3 days, the 
coverslips were removed for staining and cell counts and 
viability were assessed by trypan blue exclusion. Cell 
morphology was assessed by phase contrast microscopy in 

15 the well and following staining (Figure 10) . 
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TABLE 1 



GROUP 


TREATMENT 


TOTAL CELLS 
x 10 s /ALIVE 
x 10 5 


DEAD 


COMMENTS 


1 


Mock, 
unstim. 


4.6/ 4.5 


1 


normal HeLa 


2 


Mock, 

unstim; Ab 


9.7/9.5 


1 


normal HeLa; 
increased 


3 


Mock, stim 
+ Ab 


7.1/6.9 


1 


normal cellular 
+/-clumps 


4 


pHIV, stim 
+ Ab 


5.1/2.8 


45 


pyknotic cells, 
giant cells 


5 


pHIV+pwt , 
stim+ Ab 


3.6/1 


72 


++clumps, 
pyknotic, 
syncytium 


6 


Mock, stim 


2.1/2.0 


2 


less cellular, 
few mitosis 


7 


pHIV, stim 


1.3/1.1 


15 


less cellular, 
+/ -pyknotic 


8 


pHIV+pwt , 
stim 


1.2/0.9 


25 


+clumps, 
pyknotic 



When representative coverslips from the above 
15 groups were stained and examined the following 

obervations were made. Mock stimulated cells (Group 6; 
Figure 10A) were present in a monolayer with relatively 
uniform round to oval nuclei, low nuclear to cytoplasm 
ratio, abundant stellate amphophilic cytoplasm with 
20 cytoplasmic processes. Cellular nuclei contained finely 
granular, evenly distributed chromatin (1-3 prominent 
nucleoli) . Scattered binucleated cells were also 
observed. For pHIVCAT transfected and stimulated cells 
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(Group 7; Figure 10B) ; viable cells with nuclear and 
cytoplasmic features similar to those in control (Figure 
10A) were observed. However, there were numerous 
degenerated cells that contained pyknotic, shrunken 
5 nuclei and eosinophilic cytoplasm (apoptotic) . For 

pHIVCAT+pwtA transfected and stimulated cells (Group 8; 
Figure IOC), only a few cells were present. A single 
syncytium is shown in Figure IOC consisting of pyknotic 
nuclei and eosinophilic cytoplasm. Some nuclei with 

10 partially clumped chromatin can also be seen. 

For mock transfected, stimulated cells that 
received antibody to peptides 1-4 (Group 3; Figure 10D) , 
cells were in a monolayer and similar to Group 6. 
However, the cytoplasm appeared more vacuolated, and 

15 nucleoli were prominent and angulated. Figure 10D shows 
a single quadripolar mitotic figure. For cells 
transfected with with pHIVCAT+pwtA, stimulated, and 
receiving antibody (Group 5; Figure 10E) , syncytium was 
present but the nuclei were all shrunken and pyknotic. 

20 The nuclear to cytoplasmic border was not discernable. 
Some of the uninucleate cells appeared to have somewhat 
shrunken nuclei containing condensed chromatin 
suggestive of degeneration. In an additional set of 
cells transfected with pHIVCAT+pwtA, stimulated and 

25 receiving antibody, soluble CD4 was added (Figure 10F) . 
Prominent syncytium with multiple nuclei containing 
prominent angulated nucleoli and vacuolated cytoplasm. 

These data indicate that the addition of constructs 
that can generate antisense RNA encoding chemokine-like 

30 proteins to a HeLa cell line that expressed the HIV 
proteins HIV-l proteins, Gag, Env, Tat, Rev, and Nef, 
but no reverse transcriptase, resulted in cell 
degeneration and death. Additional expression of gpl20 
increased the effect indicating that gpl20 may be acting 

3 5 in association with the chemokine-like protein. These 
results further indicate that a chemokine-like protein 
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is produced from the antisense RNA transcribed off of 
the antisense initiator in HIV. 

EXAMPLE 8 

5 This embodiment illustrates that a recombinant HIV 

chemokine encoded by a nucleotide sequence according to 
the present invention can be purified from the host cell 
expression system using an affinity molecule such as by 
affinity chromatography. Also this embodiment 

10 illustrates using an affinity molecule to purify HIV 
chemokine from cells infected with HIV. An affinity 
molecule is a molecule that has binding specificity to 
the recombinant HIV chemokine or HIV chemokine from 
infected cells . Such an affinity molecule may be 

15 selected from the group consisting of a chemokine 

receptor (e.g., CCR5 , CCR3 , CCR2b , and CXCR4 ) or ant i - 
HIV chemokine antisera (polyclonal or monoclonal, or 
ant i -peptide HIV chemokine antisera) . In one 
illustration, the recombinant HIV chemokine or HIV 

20 chemokine may be purified from a culture of transfected 
or infected human cells. The cultured cells are lysed, 
cellular debris is removed by centrif ugation, and the 
supernatant is then applied to an affinity column. The 
column is washed, and then the recombinant HIV chemokine 

25 or HIV chemokine is eluted from the immobilized affinity 
molecule using methods known in the art. The purified 
recombinant CXC or HIV chemokine preparation may then be 
checked for purity by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis; and for activity by 

30 a binding assay. Alternatively, peptides derived from 
the HIV chemokine sequence can be linked to an affinity 
matrix (i.e. CNBr activated sepharose) and used to 
purify chemokine peptide -specific antibody for use in 
isolation and detection. 
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EXAMPLE 9 

This embodiment illustrates that a monoclonal 
antibody (MAb) can be generated to epitopes specific for 
an HIV chemokine. Monoclonal antibodies to HIV 
5 chemokine may be developed using methods known in the 
art. For example, a method for making monoclonal 
antibodies immunoreactive with HIV chemokine involves 
the use of isolated and purified HIV chemokine as the 
immunogen; and an immunologically effective amount of 

10 the immunogen is used to immunize an animal (such as 
BALB/c mice) at timed intervals. A few days following 
the last immunization, spleens from the immunized animal 
are harvested aseptically, and placed into a tissue 
culture dish containing tissue culture medium. The 

15 primed spleen cells containing B- lymphocytes are mixed 
with a immunoglobulin non-secreting plasmacytoma cell 
line (usually a 10:1 to 1:1 ratio) for fusion. Fusion 
can be accomplished by methods including contacting the 
cells with a fusion agent such as polyethylene glycol (1 

20 ml of a 50% solution, MW 1400) or by electrof usion. The 
cells from the fusion are then cloned out in microtiter 
plate wells. Typically, the plasmacytoma cell line is 
deficient in an enzyme such as hypoxanthine guanine 
phospho-ribosyl transferase such that fused hybridomas 

25 can be selected for by using a tissue culture selection 
medium such as a medium containing hypoxanthine, 
aminopterin, and thymidine. The hybridoma cultures are 
then incubated for several days, under standard tissue 
culture conditions, before the supernatants are tested 

30 for immunoreactivity to isolated and purified HIV 

chemokine. Alternatively, using methods standard in the 
art, human monoclonal antibodies may be made to an HIV 
chemokine (see. e.g., Ludwig et al, 1994, Cell. Imm. ; 
Kanki and Takeuchi, 1995, Hum. Antibodies Hybridomas 
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6:89-92; Satoh et al . , 1995, Immunol. Lett. 47:113-19; 

Vollmers et al., 1995, Cancer 76:550-558). 

Murine monoclonals can be modified (making them 
more "human compatible") for administration into an 
5 individual using techniques standard in the art (e.g., 
as reviewed by Adair, 1992, Immunological Reviews 130: 

6-37, herein incorporated by reference) . For example, 
murine monoclonal antibodies may be "humanized" by 
replacing portions of the murine monoclonal antibody 
10 with the equivalent human sequence. In one embodiment, 
a chimeric antibody is constructed. The construction of 
chimeric antibodies is now a straightforward procedure 
(Adair, 1992, supra, at p. 13) in which the chimeric 

antibody is made by joining the murine variable region 
15 to a human constant region. Additionally, chimeric 
antibodies may be made by joining the hypervariable 
regions of the murine monoclonal antibody to human 
constant regions and parts of human variable regions 
using one of several techniques known in the art. 
20 Techniques for constructing chimeric antibodies (murine- 
human) of therapeutic potential have been described 
previously (see, e.g., Morrison et al . , 1984, Proc. 

Natl. Acad. Sci . 81:6851-6855; Larrick et al . , 1991, 

Hum. Antibod. Hybridomas 2:172-189; herein incorporated 

25 by reference) . Thus, in one embodiment of the present 
invention, and using methods known in the art, the 
murine variable region of the monoclonal antibody to HIV 
chemokine according to the present invention is joined 
to a human constant region to form a chimeric anti-HIV 

30 chemokine monoclonal antibody having the same 

specificity as the anti-HIV chemokine MAb. In general, 
humanizing an murine MAb such as by making a chimeric 
antibody limits the development of human anti -mouse 
antibody responses. Additionally, the humanized 

35 antibodies generally change the pharmacokinetics by 
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providing a longer half -life of such antibody, as 
compared to the half -life of murine antibody. 

A chimeric MAb can also be constructed using a 
standard combination of techniques including polymerase 
5 chain reaction (PCR) cloning of antibody variable 

regions, the use of suitable expression vectors already 
containing the DNA encoding human constant region, 
insertion of the DNA for the murine MAb variable region 
into such vector in forming a recombinant vector, and 
10 expression of the resultant chimeric antibody by an 
expression system containing the recombinant vector 
(See, e.g., Daugherty et al., 1991, Nucl. Acids Res. 

19:2471-2476; Maeda et al . , 1991, Human Antibodies and 

Hybridomas 2:124-134; herein incorporated by reference). 

15 One expression vector can be used in which the vector is 
constructed so that the variable region and constant 
region genes are in tandem. Expression systems known to 
those skilled in the art for production of antibody or 
antibody fragments include mammalian cells (e.g. cell 

20 lines such as COS, NSO, or CHO) , phage expression 

libraries, Escherichia coli, and yeast (Adair, 1992, 

supra) . Any one of these monoclonal antibodies 

(purified human antibodies or purified, chimeric 
monoclonal antibodies) may then be tested for their 
25 ability to interact with HIV chemokine in binding 
assays . 

Ant i -HIV chemokine antibodies may also be used in 
competitive drug screening assays to identify compounds 
that function to bind HIV chemokine thereby neutralizing 

30 one or more functional activities of HIV chemokine 

(e.g., chemotaxis, and/or chemokine receptor binding). 
For example, a drug compound is tested for its ability 
to compete with neutralizing antibodies (capable of 
binding HIV chemokine) for binding to HIV chemokine. 

35 Selection of such possible drug compounds may also be 
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facilitated by methods known in the art including 
determination of the three-dimensional structure of HIV 
chemokine (e.g., x-ray crystallography and/or computer 
modeling) . 

5 

EXAMPLE 10 

This Example illustrates the use of HIV chemokine 
or antibodies to HIV chemokine for use in diagnostic 
assays. HIV chemokine, isolated according to the method 

10 of the present invention, or peptides formed therefrom, 
can be used as an antigen for diagnostic assays. 
Alternatively, HIV chemokine, or peptides formed 
therefrom, can be used as immunogens for generating 
ant i -HIV chemokine antisera of diagnostic value. 

15 Antigenic sites of a protein may vary in size but can 

consist of from about 7 to about 14 amino acids. Thus, 
a protein the size of HIV chemokine may contain several 
discrete antigenic epitopes. Using synthetic processes, 
peptides of at least 7 to 14 amino acids in size may be 

20 generated which contain antigenic epitopes of HIV 

chemokine. The peptides can be synthesized from the 
amino acid sequence of an HIV chemokine using one of the 
several methods of peptide synthesis known in the art 
including standard solid peptide synthesis using 

25 tertbutyl-oxycarbonyl amino acids (Mitchell et al., 
1978, J". Org. Chem. 43:2845-2852); using 9- 

f luorenylmethyloxycarbonyl amino acids on a polyamide 
support (Dryland et al., 1986, J. Chem. So. Perkin 

Trans. I, 125-137); by pepscan synthesis (Geysen et al., 

30 1987, J. Immunol. Methods 03:259; 1984, Proc. Natl. 

Acad. Sci. USA 81:3998); or by standard liquid phase 

peptide synthesis. Modification of the peptides, such 
as by deletion and substitution of amino acids (and 
including extensions and additions to amino acids) and 
35 in other ways, may be made so as to not substantially 
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detract from the immunological properties of the 
peptide. In particular, the amino acid sequence of the 
peptide may be altered by replacing one or more amino 
acids with functionally equivalent amino acids resulting 
5 in an alteration which is silent in terms of an observed 
differences in the binding specificity of the peptide. 

In one embodiment, purified HIV chemokine, or 
peptides formed therefrom, may be used as antigens in 
immunoassays for the detection of antisera present in 

10 the body fluid of an individual. The body fluids 

include, but are not limited to, blood (e.g., serum) and 
urine. A diagnostic assay utilizing as an antigen HIV 
chemokine or a peptide formed therefrom, includes any 
immunoassay known in the art including, but not limited 

15 to, radioimmunoassay, ELISA, "sandwich" assay, 

precipitin reaction, agglutination assay, fluorescent 
immunoassay, and chemiluminescence -based immunoassay. 
Thus, for example, HIV chemokine or a peptide formed 
therefrom may be used as an antigen in an ELISA in which 

20 the antigen is immobilized to a selected surface; 

followed by blocking of unbound areas of the surface; 
contacting the body fluid sample with the selected 
surface containing immobilized antigen; washing the 
surface to remove materials in the sample which are not 

25 bound to the antigen; and detection of any immune 
complexes present (e.g., antibody to HIV chemokine 
complexed to the antigen) with a detectable moiety, such 
as by adding protein A peroxidase with subsequent color 
development. Other detectable moieties, conjugates 

30 and/or substrates known to those skilled in the art of 
diagnostics may be used to detect immunocomplexes 
formed. Thus, a diagnostic kit may contain the isolated 
HIV chemokine, or peptide formed therefrom as the 
antigen; a means for facilitating contact between the 

35 sample to be analyzed and the antigen (e.g., for an 
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ELISA, a microtiter plate or wells) ; and a means for 
detecting the presence of immunocomplexes formed. 

In another embodiment of the invention, using 
antisera to epitopes of an HIV chemokine, the clinical 
5 sample is assayed for the presence of the antigen, i.e., 
HIV chemokine. This antisera may be used by contacting 
the clinical sample, and detecting the presence of 
immunocomplexes formed between the antisera and antigen 
that is present in the clinical sample. Thus, a 
10 diagnostic kit may contain the antibody generated to HIV 
chemokine epitopes; a means for facilitating contact 
between the clinical sample and the antibody; and a 
means for detecting the presence of immunocomplexes 
formed . 

15 

EXAMPLE 11 

This embodiment of the present invention is to 
provide HIV chemokines, peptides formed therefrom, or 
modified variant of HIV chemokines (separately or 

20 collectively referred to as "HIV chemokine immunogen") 
to be used as immunogens in a prophylactic and/or 
therapeutic vaccine for active immunization to protect 
against or treat infections caused by HIV. For vaccine 
development, an HIV chemokine comprising the immunogen 

25 may be purified from HIV infected cells, or comprise 

recombinant HIV chemokine, using the methods according 
to the present invention. The HIV chemokine immunogen is 
included as the relevant immunogenic material in the 
vaccine formulation, and in immunoef f ective amounts, to 

30 induce an immune response. Many methods are known for 

the introduction of a vaccine formulation into the human 
to be vaccinated. These include, but are not limited 
to, intradermal, intramuscular, intraperitoneal, 
intravenous, subcutaneous, ocular, intranasal, and oral 

35 administration. As known to those skilled in the art, 

the vaccine may further comprise a physiological carrier 
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such as a pharmaceutical^ acceptable solution, polymer 
or liposomes; and an adjuvant, or a combination thereof. 

Various adjuvants are used in conjunction with 
vaccine formulations. The adjuvants aid in attaining a 
5 more durable and higher level of immunity using smaller 
amounts of vaccine antigen or fewer doses than if the 
vaccine antigen were administered alone. The adjuvant 
may act to stimulate the immune effector cells, as well 
as delay release and degradation/processing of the HIV 

10 chemokine immunogen to enhance immune recognition. 
Examples of adjuvants include incomplete Freund's 
adjuvant, Adjuvant 65 (containing peanut oil, mannide 
monooleate and aluminum monostearate) , oil emulsions, 
glycolipid analogs, lipopeptides, Ribi adjuvant, the 

15 pluronic polyols, polyamines, Avridine, Quil A, saponin, 
MPL, QS-21, and mineral gels such as aluminum hydroxide, 
aluminum phosphate, etc. 

Another embodiment of this mode of the invention 
involves peptides derived from HIV chemokine as a 

20 hapten, i.e. a molecule which cannot by itself elicit an 
immune response. In such case, the hapten may be 
covalently bound to a carrier or other immunogenic 
molecule which will confer immunogenicity to the coupled 
hapten when exposed to the immune system. Thus, such an 

25 HIV chemokine -specific hapten liked to a carrier 

molecule may be the immunogen in a vaccine formulation. 
There are many such carriers known in the art including, 
but not limited to, keyhole limpet hemocyanin, bovine 
serum albumin, and diphtheria toxin cross -reactive 

30 mutant protein ("CRM"). Additionally, there are several 
methods known in the art for conjugating a peptide to a 
carrier. Such methods include, but are not limited to, 
the use of glutaraldehyde, or succinimidyl m- 

maleimidobenzoate, or l-ethyl-3- (3-dimethyl- 
35 aminopropyl) carbodiimide, or the use of bromo-acetylated 
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peptide (see, e.g. Robey et al . , 1989, Anal. Biochem. 
177:373-377) . 

In another embodiment, as an alternative to active 
immunization, such as where an individual is suffering 
5 from late stages of AIDS, immunization may be passive, 
i.e. immunization comprising administration of a 
therapeutically effective amount of purified human- 
compatible anti-HIV chemokine antibodies (e.g., chimeric 
or human compatible monoclonal antibodies) . 

10 

EXAMPLE 12 

This Example illustrates methods of administration 
of HIV chemokine, peptides formed therefrom, or modified 
variant of HIV chemokine, as agonists or antagonists 

15 (separately or collectively referred to as "HIV 

chemokine therapeutic") . The HIV chemokine therapeutic 
may be formulated in a pharmaceutical ly acceptable, 
nontoxic, carrier. Pharmaceutically acceptable carriers 
are generally known to include aqueous solutions such as 

20 water, various phosphate buffers, various buffered 

salines, alcoholic/aqueous solutions, and emulsions or 
suspensions; wherein the ionic strength, pH, and other 
properties of the pharmaceutically acceptable carrier 
may be adjusted to maximize delivery and activity of the 

25 HIV chemokine therapeutic to that site. Regarding pH, 
generally a pH range of 6 to 8 is typically used. It 
will be appreciated by those skilled in the art that the 
carrier may comprise any suitable pharmaceutically 
acceptable liposome having incorporated therein an HIV 

30 chemokine therapeutic according to the present 
invention. Such liposomal compositions may be 
administered in any conventional mode for therapeutic 
treatment. The pharmaceutically acceptable carrier may 
additionally comprise an agent that may improve the 

35 solubility of the HIV chemokine therapeutic while not 
inhibiting the binding activity of the HIV chemokine 
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therapeutic. Such an additional agent may include, but 
is not limited to, a low concentration (e.g. 
concentration of 0.1% or less) of a nonionic detergent. 
Depending on the physiologic site to be treated, 
5 the health of the individual to be treated, and the 

nature of the formulation, the HIV chemokine therapeutic 
may be administered in any one of the standard methods 
known in the art for administration of therapeutic 
agents, including, but not limited to, topical, by 

10 injection (e.g., intravenously), aerosol spray, 

intranasal, transmucosal, transdermal, and orally (by 
administered pills or liquids) . As appreciated by those 
skilled in. the art, dosage and frequency of dosage of an 
HIV chemokine therapeutic will depend on multiple 

15 patient variables, including the severity of AIDS, age, 
weight, responsiveness to therapy, tolerance of 
therapeutic, and clearance rate of therapeutic. 

Having described the preferred embodiments of the 
20 present invention, it will be apparent to one of 

ordinary skill in the art that various modifications may 
be made to the disclosed embodiments, and that such 
modifications are intended to be within the scope of the 
present invention . 
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What is claimed is: 



1. A nucleic acid encoding a HIV-chemokine selected 
from the group consisting of: 
5 a. an antisense RNA; 

b. a DNA sequence located on the plus strand of HIV 
pro virus which allows antisense initiation to produce 
the antisense RNA of a. 

c. double stranded DNA which allows antisense 
10 initiation to produce the antisense RNA of a. 



2. The antisense RNA of claim 1, wherein the sequence 
of the RNA is selected from the group consisting of SEQ 
ID NO: 6, SEQ ID NO: 21, Seq ID NO: 25, SEQ ID NO: 26, or a 
15 sequence having at least a 90% homology to SEQ ID NO: 6, 
SEQ ID NO:21, SEQ ID NO:25 or SEQ ID NO:26. 



3 . The antisense RNA of claim 1 wherein the HIV 
chemokine encoded by the antisense RNA is selected from 
20 the group consisting of SEQ ID NO. 2, SEQ ID NO. 7, SEQ ID 
NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11, SEQ ID 
NO. 12, SEQ ID NO. 13, SEQ ID NO. 14, SEQ ID NO. 15, SEQ ID 
NO. 16, SEQ ID NO. 17, SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID 
NO. 20, SEQ ID NO. 22, SEQ ID NO. 23, and SEQ ID NO. 24. 

25 

4 . A HIV chemokine selected from the group consisting 
of SEQ ID NO. 2, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, 
SEQ ID NO. 10, SEQ ID NO. 11, SEQ ID NO. 12, SEQ ID NO. 13, 
SEQ ID NO. 14, SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID NO. 17, 
30 SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 22, 
SEQ ID NO. 23, and SEQ ID NO. 24. 
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Potential HIV aINR generated antisense ORFS from TCLA, macrophage-tropic primary 
viral or patient CNS vs LN/Sp tissue viral LTR sequences 

(+1/-1 ribosomal frameshift(s)) 

SF2 MOHLRARHSPVPPRPRLPGKSPAESPI. (+ 1 ) RKLDVSSLCSTPDAALGP 

YU2 MQHLRARHSPVPPRPRFPGKSPAESPL (+ 1 ) RKLEVISSCSTPDA ALGP 

JR-FL MQHLRARHSPVPPRPRLPGKSPVESPL (+1) RKLDVSSPCSTPDAALGP 

(Pt)CNS MQHLRARHSPVPPRPHLPGKSPAESPL (+1)RKFDVISSCSTPDAALGP 
(Pt)LN/SP MQHLRARHSPVPPSPRLPGKSPAESPL(+1)RKLWGVSSSCSSPDAALG 

(GVSSG) 

SF2 CDEMLVCCOTSTLTLLSPRPPSHAGSf- 1 MGCNKLLFSPSL ASSTFSGS 

YU2 RDEMLV££QTSTLTLLSPGHPFHAGS(- 1 )IGCNKQLFSPALASSIFSGS 

JR-FL RDEMLACCQTSTLTLPSPGPLSHAGS(- 1 )IGCNKQLFSPSLASSTFSGS 

(Pt)CNS CGEMLGCCQTSTLTLLSPGRPSHAGS(-1)IGCNSTLFSPSLASSIFSGS 
(Pt)LN/SP . LRDEMPG GCQTSTLRLLS LGRPSH AGS (- 1 )IGCNRLLFSPSL AS SIFS AS 

SF2 TGTSLKHHPKVSGYLIPGPGV 

YU2 TGTSLKHHPKVSGHLVP-PGV 

JR-FL TGTSLKHHPKVNGNLIPGPGV 

(Pt)CNS TGTSLKHHPKVSGYLVPGPGV 

(POLN/SP TGTSLKHHPKVSGYLIPGPGV 

(-1/+1 ribosomal frameshift(s)) 

SF2 MOHLR ARHSPVPPRPRLPGKSPAESPL f- 1 WESSMSAVFWLRMOLSG 

YU2 MQHLRARHSPVPPRPRFPGKSPAESPL (- 1 )VESSRSSVLVVLRMQLSG 

JR-FL MQHLRARHSPVPPRPRLPGKSPVESPL (-l)VESSMSAVLVVLRMQLSG 

(Pt)CNS MQHLRARHSPVPPRPHLPGKSPAESPL (- 1 )VESSMSSVLVVLRMQLSG 
(POLN/SP MQHLRARHSPVPPSPRLPGKSPAESPL(-1)VESS( )MSAVLVVVRMQLSG 

(VSAVS) 

IblrevINRold** MSAVFWLRMQLSG 
HXB2(TCLA) MQDLRARHSPVPPRPRLPGKSPAESPL(-l) VASSMSAVLEVLRMQLSG 

SF2 HVMKC(+1)SLLSNLHTNTSFSASSIPCR LIGCNKLLFSPSLASSTFSGS 

YU2 HVMKC(+1)RRLSNLHSNPSLSGSSIPCW LIGCNKQLFSPALASSIFSGS 

JR-FL HVMKC(+1) SLLSNLHSNTSFSGSSIPCW LIGCNKQLFSPSLASSTFSGS 

(Pt)CNS PVVKC (+1) RVLSNFHTNTSLSGSSIPCR LIGCNNTLFSPSLASSIFSGS 

(POLN/SP YVMKCQAAVKPPLLRLLSLGPPSHAGS(-l)IGCNRLLFSPSLASSTFSAS 

IblrevINRold HVTKC (+1) RRLSNFHTNTSPSGSSIPCW LIGCNKLFFSPYLASSTCSGS 

HXB2 HVMKC(+1) RRLSNLHSNTSLSGSSIPCR LTGCNKLVFSPLLASSNFSGS 

SF2 TGTSLKHHPKVSGYLIPGPGV 

YU2 TGTSLKHHPKVSGHLVP-PGV 

JR-FL TGTSLKHHPKVNGNLIPGPGV 

(Pt)CNS TGTSLKHHPKVSGYLVPGPGV 

(POLN/SP TGTSLKHHPKVSGYLIPGPGV 

IblrevINRold TGTNLKHHPL VS G YLIPGPG V 

HXB2 TGTSL 
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SEQUENCE LISTING 

<110> Ludwig, Linda B. 
<120> HIV Chemokines 
5 <130> 11520.0122 
<141> 1999-02-12 

<150> US 60/074,640; US 08/853,703 
<151> 1998-02-13; 1997-05-09 
<160> 26 
10 <210> 1 

<211> 551 
<212> DNA 

<213> Human immunodeficiency virus 
<220> 

15 <223> dsDNA intermediate of lbl revINRold (Note: 

antisense gene of negative polarity with respect to HIV- 
1 usual coding region) 
<400> 1 

20 aggcaagctt tattgaggct taagcagtgg gttccctagt 40 
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